Abstract-The present study was undertaken to examine the phosphorylation of the parotid microsomal fraction from normal and hypothyroid rats and also to compare
In the preceding study (1) , the amylase release from a slice of parotid gland was found to greater in hypothyroid rats than in normal ones after a or (3-adrenergic stimu lation. Moreover, the response to 8-adrenergic stimulation was inhibited by addition of 10 mM tolbutamide in normal rats, but not in hypothyroid rats. As reported by others (2, 3) , tolbutamide inhibits the activity of cyclic AMP-dependent protein kinase. Therefore, the difference in the tolbutamide effect between normal and hypothyroid rats sug gested the possibility that a marked increase in amylase release via a-adrenergic receptors in hypothyroid rats may account, at least in part, for a step following cyclic AMP syn thesis.
Recent studies have shown that iso proterenol increased in amylase release from parotid glands and also enhanced the rate of phosphorylation of specific endogenous pro teins in rats (4-7). These reports also demon strated that a major phosphorylated protein was one with a molecular weight of 30,000; some of them also revealed a phosphorylation of about 25,000 and 20,000 dalton proteins. It is also well known that isoproterenol elevates intracellular cyclic AMP content, and this elevation serves to stimulate amylase release from parotid glands (8, 9).
Therefore, to clarify the mechanism of the increased responsiveness to i3-adrenergic agonists in hypothyroid rat parotid glands, the activity of cyclic AMP-dependent protein kinase in the soluble fraction and the phos phorylation of specific proteins in the parotid glands from normal and hypothyroid rats were compared in the presence or absence of cyclic AMP or tolbutamide. Although recent studies generally used [32P]orthophosphorus and parotid slices, the present investigation was conducted with [; 32P]ATP and the microsomal fraction prepared from rat parotid glands.
MATERIALS AND METHODS
Materials: Propylthiouracil was purchased from the Sigma Chemical Co., adenosine 3',5'-monophosphate (cyclic AMP) and ade nosine 5'-triphosphate (ATP) from Boehr inger Mannheim. [y-32P]ATP was prepared by modification of the method of Glynn and Chappell (10). All standard proteins for electrophoresis were the kind gifts of Dr. M. Kobayashi, Department of Biochemistry, Nagoya University School of Medicine.
Treatment of the animals: Male Wistar rats were made hypothyroidic by feeding on a 0.15% propylthiouracil diet as reported earlier (11). Animals were fasted for 16-20 hr prior to use, anesthetized by injection of sodium pentobarbital (40 mg/kg body weight, i. p.) and killed by exsanguination via the abdominal aorta. Parotid glands were quickly removed and placed in 0.25 M sucrose solution containing 20 mM Tris-HCI and 1 mM EDTA (pH 7.5).
Preparation of microsomal fraction: Parotid glands were minced with scissors and homogenized in 9 volumes of 0.25 M sucrose solution containing 20 mM Tris HCI and 1 mM EDTA (pH 7.5) using an Ultra-Turrax for 5 sec and then with a Teflon-in-glass type homogenizer for a further 30 sec. The homogenate was cen trifuged at 1,000 x g for 10 min, and then the supernatant was centrifuged at 10,000xg for 30 min. The 10,000xg supernatant was in turn centrifuged at 105,000xg for 30 min. The 105,000 x g pellet was suspended in the homogenizing buffer and used for the experi ments. The Na+,K+-ATPase of this preparation was found to be 4 times richer than in the tissue homogenate.
Protein kinase assay in soluble fraction: Cyclic AMP-dependent protein kinase ac tivity was assayed by the method of Corbin and Reimann with a slight modification (12). The reaction mixture contained 10 ,al of enzyme preparation; 5 al of 400 mM NaF; 10 ial of cyclic AMP (2 ,uM) or H20; and 50 al of a solution consisting of potassium phosphate (17 mM), magnesium acetate (6 mM), histone (2 mg/ml) and [r-32P]ATP (0.2 mM, 106 cpm). The reaction was started by adding enzyme preparation, and the following procedures were conducted as described elsewhere (13).
Protein concentrations were determined by the method of Lowry et al. (14) .
Assay for ATP hydrolysis: The extent of ATP hydrolyzed by microsomal ATPases during the assay for phosphorylation was determined in terms of the release of [32P] Pi, which was rapidly extracted with butanol in the form of the molybdovanadophosphate complex, as described by Parvin and Smith (15). At appropriate intervals, 20 ,ul of the reaction mixture for protein phosphorylation was pipetted into a tube on an ice bath containing 0.1 ml of the reagent I, 0.08 ml of water and 0.2 ml of butanol. The solution was rapidly mixed with a Vortex-mixer and centrifuged. Aliquots of the upper butanol layer were pipetted onto filter paper squares (Whatman 31 ET, 2x2 cm), dried and the radioactivities measured.
Phosphorylation of microsomal proteins: Phosphorylation of microsomal protein was determined by a modified method used for protein kinase assay. The reaction mixture contained the following in 0.2 ml: Tris-HCI (pH 7.5) (20 mM), magnesium acetate (15 mM), sodium fluoride (40 mM in the normal, 20 mM in the hypothyroid), 200 ,ug of microsomal protein, and cyclic AMP (10 ,uM) when required. The reaction was started by addition of [r_32P]ATP (approx. 0.5 Ci/ mmol). At appropriate intervals, 20 PI aliquots of the reaction mixture were pipetted onto filter paper squares (2x2 cm). The papers were immediately dropped into 10% tri chloroacetic acid (TCA) solution containing 1 mM ATP and 10 mM potassium phosphate, washed with four successive changes of 10% TCA, and then washed again with ethanol and ether: ethanol (4:1) mixture. They were then dried and placed in a scintillation liquid for counting.
For electrophoresis, the reaction mixture was 0.5 ml and incubated for 2 min. The reaction was stopped by addition of 50% TCA to give a final concentration of 5%. TCA precipitates were washed three times by repeated resuspension and reprecipitation with 5% TCA. To the final precipitates, 0.3 ml of 0.1 M H3PO4-Tris (pH 6.8) containing 1 % sodium dodecyl sulfate and 1 % mercapto ethanol were added, and the mixture was incubated at 60°C for 10 min. After being kept overnight at room temperature, 100 /el aliquots were used for electrophoresis.
Polyacrylamide gel electrophoresis: Slab polyacrylamide gel electrophoresis of the microsomal proteins in the presence of 0.1% sodium dodecyl sulfate and 8 M urea was carried out essentially according to Swank and Munkres (16). The separation gel contained 7.5% acrylamide, and the stacking gel contained 3.5% acrylamide (pH 5.0). Electrophoresis was carried out at 20 mA per slab until the dye reached a point about 1 cm above the bottom of the gel. The gels were stained for protein with 0.25% Co omassie brilliant blue and dried in a slab gel drying apparatus (Atto, SJ-1060) under a vacuum in a boiling water bath. For auto radiography, the dried gels were placed in direct contact with X-ray film (Kodak, X-omat AR) and exposed 1 to 2 weeks at -80°C. The apparent molecular weights of the protein bands were determined by comparing the mobility to that of standard proteins: phosphorylase a (94,000), bovine serum albumin (68,000), catalase (60,000), ovalbumin (43,000), aldolase (40,000), chymotrypsinogen (25,700), myoglobin (17,200) and cytochrome c (13,400). Densi tometric tracings of the autoradiographs were made with a Gilford spectrophotometer 250.
RESULTS
Effect of tolbutamide on the activity of cyclic AMP-dependent protein kinase in soluble fraction of parotid glands: As shown in Table 1 , the activities of cyclic AMP dependent protein kinase in the soluble fraction of parotid glands from normal and hypothyroid rats were 94.9±5.3 pmol 32P incorporated/mg protein/min and 88.3±3.4 Effect of NaF on phosphorylation of microsomal proteins: In order to determine if there was a different effect of tolbutamide on isoproterenol-induced amylase release from normal and hypothyroid rat parotid glands, phosphorylation of endogenous proteins obtained from the microsomal fraction was examined. Firstly, several experimental con ditions were investigated in a cell free system. As shown in Fig. 1 in the presence of cyclic AMP in both normal and hypothyroid rats (Fig. 5) . These proteins showed the apparent molecular weights of 33,500, 26,000 and 19,000. 32P incorporation into microsomal proteins decreased in the presence of 10 mM tolbutamide (Fig. 5, T) . In particular, 32P contents of these three proteins from normal parotids were markedly reduced in the combination of cyclic AMP with tolbutamide.
However, in hypothyroid rats, protein phosphorylation stimulated by cyclic AMP was not blocked by addition of 10 mM tolbutamide (Fig. 5, AT) . Moreover, a small protein band with the molecular weight of 17,000 appeared in the control and tolbutamide-treated preparations. This protein band disappeared in the presence of Microsomal proteins were preincubated with cyclic AMP (10 ,fLM) or tolbutamide (10 mM) or both for 30 min, and then the reaction was started by addition o1
[r_32P]ATP in the medium. Incubation was conducted for 2 min and SDS polyacrylamide gel electrophoresis was carried out as described under "Materials and Methods." N: normal, H: hypothyroid, C: control, A: with 10 uM cyclic AMP, T: with 10 mM tolbutamide, AT: with 10 PM cyclic AMP and 10 mM tolbutamide, Or: origin, Fr: dye front. cyclic AMP (Fig. 5, A) . The major phosphory lated bands found are demonstrated in Fig. 6 . When the total area under the curve of the normal parotid control was tentatively defined as 100% 32P incorporated into microsomal proteins, total 32P incorporation in the hypo thyroid parotid was approx. 65% of the normal (Fig. 6, C) under the conditions employed. The reason why 32P content was reduced in the hypothyroid rats is not clear in the present study. Moreover, 3?P incor poration in the normal parotid was reduced to approx. 50% of the control by addition of 10 mM tolbutamide, whereas the rate was practically the same in the hypothyroid parotid (Fig. 6, T) . The addition of 10 ,eM cyclic AMP increased the rate of phosphory lation by approx. 10% in the normal and 2-fold in the hypothyroid as compared with each control (Fig. 6, A) . Furthermore, rates of phosphorylation of proteins with molecular weights of 33,500 (peak 1), 26,000 (peak 2) and 19,000 (peak 3) were specifically enhanced while a decreased rate of 32P incorporation in the presence of cyclic AMP was observed for a 17,000 dalton protein (peak 4) (Fla. 6, A). The rates of phosphory lation of peaks 1, 2 and 3 were approx. 6.5%, 3.0% and 3.5%, respectively, of the total 32P incorporated in the presence of cyclic AMP. When both cyclic AMP and tolbutamide were added in the medium, the rate of 32P in corporation in the normal parotid decreased approx. to 60% of that of cyclic AMP alone and those values for peaks 1, 2 and 3 were approx. 4.5%, 3.2% and 1.0%, respectively. On the other hand, total 32P incorporation was reduced to approx. 73% of that of cyclic AMP alone in hypothyroid rats. However, the rates for peaks 1, 2 and 3 were approx. 7.5%, 3.6% and 3.2%, respectively; and these values were essentially the same as those of cyclic AMP alone (Fig. 6, AT) .
DISCUSSION
In the preceding study (1 ) , isoproterenol induced amylase release in the normal parotid glands was found to be inhibited by tolbutamide, whereas that in the hypothyroid ones remained the same even in the presence of tolbutamide.
To elucidate the reason for this difference in the tolbutamide effect, the activity of cyclic AMP-dependent protein kinase and phosphorylation of endogenous protein in a cell free system were examined in the present study. The present results were practically the same as those obtained by Jahn et al. with parotid slices (4, 7). In the present study, an additional change was noted in the phos phorylation of a protein with a molecular weight of 17,000. The 32P content of this protein was reduced in the presence of cyclic AMP as reported by Baum et al. (6). The roles of these proteins in isoproterenol induced amylase release still remain to be clarified. However, it has been established that Q-adrenergic stimulation elevated the intracellular content of cyclic AMP and evoked an increased amylase release from parotid glands (8, 9). The role of cyclic AMP in the sequence of amylase release is the activation of cyclic AMP-dependent protein kinase and stimulates the phosphorylation of the specific membrane-associated proteins (2, 4-7). Moreover, it has also been reported that tolbutamide inhibited the activity of cyclic AMP-dependent protein kinase (2, 3, 19) . Tolbutamide decreased 32P incorporation into parotid microsomal proteins of both normal and hypothyroid rats, and the phos phorylation of three proteins which was stimulated specifically by cyclic AMP was selectively blocked in the normal parotid by addition of 10 mM tolbutamide. On the other hand, the same proteins from hypo thyroid parotids were phosphorylated essen tially to the same extent under the present experimental conditions.
In the context of the present results and those of others, it is reasonable to conclude that the phosphorylation of these three proteins plays a key role in isoproterenol induced amylase release in both normal and hypothyroid parotids. Moreover, the in creased responsiveness to isoproterenol in the parotid glands of hypothyroid rats might account in part for this cyclic AMP-dependent and tolbutamide-resistant phosphorylation step of these specific proteins.
